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Introduction {#j_hukin-2017-0052_s_001}
============

Physical training involves all the planning of overload handling and rest that must be applied to the athlete. The stimulus-rest interaction is an important component inserted in planning of soccer training for the athlete to reach the best technical/physical performance during the entire season. However, this component can be influenced by several factors that are often empirically controlled by experience and perception of each multidisciplinary team professional involved ([@j_hukin-2017-0052_ref_036]). The prescription and monitoring of physical training and all its intervening variables are extremely important so that the athlete does not enter the state of subtraining in a condition known as "overtraining" ([@j_hukin-2017-0052_ref_001]; [@j_hukin-2017-0052_ref_020]). In this sense, among the markers that have been used to monitor training, we can highlight the measurement of plasma ammonia ([@j_hukin-2017-0052_ref_003]), lactate ([@j_hukin-2017-0052_ref_008]), glutamine ([@j_hukin-2017-0052_ref_003]), hormones ([@j_hukin-2017-0052_ref_032]), lactate dehydrogenase ([@j_hukin-2017-0052_ref_013]), creatine kinase ([@j_hukin-2017-0052_ref_015]), and myoglobin ([@j_hukin-2017-0052_ref_005]; [@j_hukin-2017-0052_ref_040]). In addition, the measurements of metabolites in other body fluids such as sweat and saliva ([@j_hukin-2017-0052_ref_023]) and analysis of heart rate (HR) variability ([@j_hukin-2017-0052_ref_022]) have been postulated. Despite all these advances, there is still no consensus on which marker is the most "sensitive" to monitor the physical condition of the athlete. Based on this information, the evaluation of the levels of renal function has not been studied extensively as a potential indicator identifying less conditioned athletes by cardiopulmonary variables. Therefore, the use of this indicator in the soccer pre-season can assist conditioning coaches to individualize training and reduce athetes' individual heterogeneity of cardiopulmonary conditioning.

The assessment of renal function is determined by measuring the glomerular filtration rate (GFR), urinary protein, urinary protein excretion, or serum cystatin C ([@j_hukin-2017-0052_ref_021]). Creatinine clearance (Ccr) and other reference procedures, such as clearance of inulin, 125I-iothlamate, 51Cr-EDTA, or iohexol, are used to determine the GFR ([@j_hukin-2017-0052_ref_010]). An \~50% reduction in the GFR (\<60 mL/min) is considered as impaired renal function (KDIGO, 2013). During exercise, a renal blood flow is reduced and redistributed to the muscles involved in the exercise, providing an increase of oxygen demand ([@j_hukin-2017-0052_ref_024]; [@j_hukin-2017-0052_ref_026]). [@j_hukin-2017-0052_ref_030] observed that during exercise with an increasing load above 50% of maximum oxygen uptake (VO~2max~), there is a 60% reduction of the GFR compared to rest. [@j_hukin-2017-0052_ref_009] observed that the implementation of treadmill exercise (57% VO~2peak~) for 60 min in an environment with high temperature caused an acute reduction of the GFR and renal blood flow in healthy elderly subjects. According to the Frank-Starling mechanism ([@j_hukin-2017-0052_ref_035]), the HR is increased in response to the reduction in stroke volume (SV) caused by a lower GFR. Thus, the relationship between VO~2~ peak and the HR defines the relative oxygen pulse (relative O~2~ pulse), which according to the Fick equation is numerically equal to the SV and arteriovenous oxygen difference \[c(A-V)O~2~\] ([@j_hukin-2017-0052_ref_025]; [@j_hukin-2017-0052_ref_039]).

Previous studies conducted with athletes ([@j_hukin-2017-0052_ref_031]; [@j_hukin-2017-0052_ref_033]) and healthy subjects ([@j_hukin-2017-0052_ref_019]) verified that acute changes in the GFR occurred after exercise, although the results of cardiopulmonary variables (VO~2~, HR and relative O~2~ pulse) during the performance were not considered.

Therefore, levels of the GFR can be a potential indicator to identify alterations in cardiopulmonary variables in athletes. In this scenario, the objective of this study was to evaluate the curves of cardiorespiratory variables during cardiopulmonary exercise testing (CPET) in soccer players who had acute alterations in the GFR after performing the pre-season training protocol.

Material and Methods {#j_hukin-2017-0052_s_002}
====================

Subjects {#j_hukin-2017-0052_s_002_s_001}
--------

Sixteen male professional soccer players (age: 25 ± 3 years, body height: 179 ± 2 cm, body mass 77 ± 6 kg) from a first-division club in Brazil participated in the study as volunteers. The athletes who were members of an affiliated team from the State Federation of Rio de Janeiro and the coaching commission had been previously informed about the procedures that they would be submitted to. The athletes included in this study were evaluated 2 weeks after the beginning of the pre-season training period. The training protocol was unique for all athletes and independent of their initial physical fitness. After this training period, all athletes were evaluated for the GFR and cardiopulmonary variables. The athletes were grouped according to the GFR and classified according to cutoff points for chronic kidney disease (CKD) (KDIGO, 2013). Eight of the 16 athletes were classified as having a decreased GFR (\<89 mL/min/1.73 m^2^; dGFR) and 8 as having a normal GFR (\> 90 mL/min/1.73 m^2^; nGFR). We excluded athletes (a) with muscle injuries and joint pains or (b) those that used medications that could affect physiological responses. All subjects were notified about the research procedures, requirements, benefits, and risks before providing written informed consent. The protocol (692.573/2014) was approved by the Scientific and Ethics Committee of the Veiga de Almeida University, Brazil.

Cardiopulmonary exercise testing (CPET) {#j_hukin-2017-0052_s_002_s_002}
---------------------------------------

Two weeks after the beginning of the pre-season training period, the subjects arrived at the laboratory fasted (8 h overnight fast). A morning blood sample was collected 30 min before a standardized breakfast consisting of bread (\~50 g), Minas cheese (\~20 g), and orange juice (200 mL). After breakfast (10 min), all athletes were assessed using the same ramp protocol on a treadmill (ATL/Inbramed, Porto Alegre, Brazil) programmed to achieve the maximum duration of 8 to 14 min. After a 1 min walk at 5.5 km/h, the velocity was rapidly increased to 6 km/h and then increased by 0.14 km/h every 7.5 s (1.12 km/h every minute) without changing treadmill inclination ([@j_hukin-2017-0052_ref_029]). The adopted criteria to ensure a maximal exercise test were (a) achievement of maximum voluntary exhaustion, despite verbal encouragement, accompanied by a maximum effort sensation (a grade of 10 on the Borg scale) ([@j_hukin-2017-0052_ref_029]) and (b) a respiratory exchange ratio greater than 1.10.

Cardiopulmonary variables measurements {#j_hukin-2017-0052_s_002_s_003}
--------------------------------------

Data for cardiopulmonary variables were collected starting at the second minute of CPET. The HR was measured every 10 s from a continuous recording on third derivations (using MC5, V2, and AVF) measured by a digital electrocardiograph ErgoMet (HeartWare, Belo Horizonte, Brazil) with the ErgoMet software version 1.0.3.2 (HeartWare, Belo Horizonte, Brazil). Ventilatory expired gas was collected with a preVent® pneumotachograph (MedGraphics, St. Paul, MN, USA) with the aid of a neoprene mask and was analyzed by VO~2000~ (MedGraphics, St. Paul, MN, USA), which was calibrated before and after CPET. Cardiopulmonary variables (VO~2~, HR, and relative O~2~ pulse) were evaluated at intervals equal to 10% of the maximum time of execution of CPET for each athlete. The relative O~2~ pulse was calculated by dividing VO~2~ by the HR obtained every 10 s during CPET. In order to eliminate the influence of body mass on O~2~ pulse values, an effect that occurs with VO~2~, the values were also expressed by dividing the absolute O~2~ pulse (ml·beat^-1^) by the subject's body mass (kg). To facilitate reading of the data, the relative O~2~ pulse values were multiplied by 100 (ml·beat^-1^·kg^-1^) ([@j_hukin-2017-0052_ref_029]). [@j_hukin-2017-0052_ref_029] observed that the reduction of O~2~ pulse was associated with a decrease of left ventricular efficiency during the effort. When an increase of the absolute values and the inclination occurred, it seemed that there was an improvement in left ventricular efficiency ([@j_hukin-2017-0052_ref_004]). It was shown that ventricular efficiency could be considered an excellent indicator to evaluate athletes' performance.

Pre-season training protocol {#j_hukin-2017-0052_s_002_s_004}
----------------------------

The athletes performed five sessions per week for a total of 2 weeks before the experiment. The training protocol consisted of (a) recovery training (i.e., 30 min of continuous running at intensity between 60% and 75% of the maximal cardiac frequency), (b) aerobic training (i.e., 60 min of continuous running at intensity between 70% and 90% of the maximal cardiac frequency), (c) specific speed training (i.e., 35 min of maximal efforts between 10 and 40 m with and without the ball), (d) tactical training (i.e., 25 min of activities according to the tactical scheme proposed), (e) technical training (i.e., 50 min of attack vs. defense on reduced fields), and (f) recreational training (i.e., 60 min of athletes playing at positions different from the usual ones during collective training) ([Figure 1](#j_hukin-2017-0052_fig_001){ref-type="fig"}).

![Experimental design: two weeks training protocol with measures acquisition](hukin-57-107-g001){#j_hukin-2017-0052_fig_001}

Blood collection and analysis {#j_hukin-2017-0052_s_002_s_005}
-----------------------------

Subjects provided blood samples in a seated position. Blood was collected from the antecubital vein (5 ml) and transferred into plain evacuated tubes after an 8 h overnight fast before CPET. Immediately after collection, blood samples were centrifuged at 1500×*g* for 15 min. Creatinine and total protein were measured using a colorimetric assay (In Vitro-Human, Minas Gerais, Brazil). The analyses were made in triplicate in TP Analyser Basic (Thermoplate, Jilin, China).

Urine collection and analysis {#j_hukin-2017-0052_s_002_s_006}
-----------------------------

Before CPET, a 24 h urine sample was collected in 3000 mL purpose bottles. Bottles were kept cold during the collection period. Immediately after the return of the bottles, 50 ml of each whole urine sample was collected and stored at −70°C before analysis for creatinine and total protein. Creatinine and total protein were determined by a validated semiautomated colorimetric assay on a diagnostic autoanalyzer TP Analyser Basic (Thermoplate, Jilin, China). Ccr was calculated from the serum and urine creatinine concentrations and the volume of the 24 h urine collection. The following formula was used: Ccr (mL/min/1.73 m^2^) = (UCr×V)/(SCr×1440) × (1.73/BSA), where UCr is urinary creatinine, V is total urine volume in the 24 h or 1440 min period, SCr is serum creatinine, and BSA is a body surface area ([@j_hukin-2017-0052_ref_002]).

Statistical Analyses {#j_hukin-2017-0052_s_002_s_007}
--------------------

All data are presented as mean ± SD unless specified. The Shapiro-Wilk test was used to verify data normality, while a non-paired Student's *t* test was used in the following variables: demographic characteristics and renal function. A Cohen's d effect size was calculated to quantify the differences in renal function between the dGFR and nGFR groups. A two-way analysis of variance (Group×Time) with a post hoc Bonferroni test was used to compare differences among groups as a function of percentage time during CPET. Linear regression and Pearson correlation coefficient were used between relative VO~2~ peak (i.e., point corresponding to 100% of the total time in performing CPET) and urinary protein excretion. The level of significance was set at *p* \< 0.05. Statistical analysis was performed using SPSS 19.0 software for statistical analyses (SPSS, Inc., Chicago, IL, USA).

Results {#j_hukin-2017-0052_s_003}
-------

The demographic characteristics and renal function groups (dGFR and nGFR) are presented in [Table 1](#j_hukin-2017-0052_tab_001){ref-type="table"}. There was no significant difference (*p* \> 0.05) in values for age, body mass, body height, and body mass index between dGFR and nGFR groups. There was a significant difference (*p* \< 0.05) in values for the GFR (mL/min/1.73 m^2^), urine creatinine (mg/dL), and urine total protein (mg/dL) between dGFR and nGFR groups.

###### 

Demographic characteristics and renal function

  Variables                                  dGFR (n = 8)    nGFR (n = 8)   *p*[^\*^](#j_hukin-2017-0052_fn_001){ref-type="table-fn"}    Cohen's d effect size
  ------------------------------------------ --------------- -------------- ------------------------------------------------------------ -----------------------
  Demographic characteristics                                                                                                            
   Age (yrs)                                 27.8 ± 4.5      25.3 ± 3.1     0.11                                                         \-
   Body mass (kg)                            77.6 ± 6.0      75.1 ± 6.6     0.22                                                         \-
   Body height (cm)                          178.5 ± 6.0     179.2 ± 2.9    0.06                                                         \-
   Body mass index (kg/m^2^)                 24.3 ± 1.3      23.3 ± 1.7     0.11                                                         \-
  Renal function                                                                                                                         
   GFR (mL/min/1.73m^2^)                     55.0 ± 19.2     97.4 ± 8.8     0.00[^\*^](#j_hukin-2017-0052_fn_001){ref-type="table-fn"}   -2.84
   Serum creatinine (mg⋅dL^-1^)              1.3 ± 0.2       1.3 ± 0.1      0.39                                                         0.00
   Urine creatinine (mg⋅dL^-1^)              112.4 ± 56.7    224.1 ± 80.2   0.00[^\*^](#j_hukin-2017-0052_fn_001){ref-type="table-fn"}   -1.61
   Serum total protein (mg⋅dL^-1^)           5.8 ± 0.9       5.8 ± 0.6      0.48                                                         0.00
   Urine total protein (mg⋅dL^-1^)           14.74 ± 2.2     11.26 ± 3.1    0.01[^\*^](#j_hukin-2017-0052_fn_001){ref-type="table-fn"}   1.29
   Urinary protein excretion (mg/24 hours)   221.4 ± 212.2   126.7 ± 81.1   0.12                                                         0.59

Values are means ± SD. Decreased GFR (dGFR). Normal GFR (nGFR).

Denotes differences from nGFR group (p \< 0.05).

On average, ventilatory threshold was reached at intensities corresponding to 83% and 82.9% of VO~2~ peak by dGFR and nGFR groups, respectively. [Figures 2a](#j_hukin-2017-0052_fig_002){ref-type="fig"} and [2b](#j_hukin-2017-0052_fig_002){ref-type="fig"} show the relative VO~2~ and HR curves as a function of percentage time during CPET. Differences were found in VO~2~ between groups in 90% (dGFR 49.8 ± 4.0 vs. nGFR 54.4 ± 6.1 ml·kg^-1^·min^-1^) and 100% (dGFR 52.6 ± 4.1 vs. nGFR 57.4 ± 5.9 ml·kg^-1^·min^-1^) of the CPET time duration (*p* \< 0.05). Differences were also found in th HR between groups in 90% (dGFR 183.7 ± 5.1 vs. nGFR 176.6 ± 4.8 bpm^-1^) and 100% (dGFR 188.1 ± 5.0 vs. nGFR 180.8 ± 4.8 bpm^-1^) of the CPET time duration (*p* \< 0.05). Furthermore, we observed differences in relative O~2~ pulse (x100) between groups in 70% (dGFR 25.6 ± 8.4 vs. nGFR 27.9 ± 9.7 ml·beat^-1^·kg^-1^), 80% (dGFR 26.6 ± 8.8 vs. nGFR 29.1 ± 10.0 ml·beat^-1^·kg^-1^), 90% (dGFR 27.1 ± 9.0 vs. nGFR 30.8 ± 10.6 ml·beat^-1^·kg^-1^), and 100% (dGFR 28 ± 9.2 vs. nGFR 31.8 ± 10.9 ml·beat^-1^·kg^-1^) of the CPET time duration (*p* \< 0.05) ([Figure 2c](#j_hukin-2017-0052_fig_002){ref-type="fig"}).

![a) Oxygen uptake, b) heart rate, and c) oxygen relative pulse curves during maximal cardiopulmonary exercise testing (CPET). Decreased GFR (dGFR). Normal GFR (nGFR). \*Denotes differences from nGFR group (*p* \< 0.05).](hukin-57-107-g002){#j_hukin-2017-0052_fig_002}

Linear regression with a negative correlation between lower levels of VO~2~ peak and high levels of urinary protein excretion (r = −0.66, R^2^ = 0.44, *p* = 0.00) is presented in [Figure 3](#j_hukin-2017-0052_fig_003){ref-type="fig"}.

![Linear regression between VO~2~ peak and levels of urinary protein excretion](hukin-57-107-g003){#j_hukin-2017-0052_fig_003}

Discussion {#j_hukin-2017-0052_s_004}
==========

The results of this study showed that soccer players with reduced kidney function also presented alterations in cardiopulmonary variables involved in performance such as an increased HR and reduction of VO~2~ and relative **O~2~** pulse according to the percentage time during CPET after the pre-season training protocol ([Figures 2a-c](#j_hukin-2017-0052_fig_002){ref-type="fig"}).

Corroborating our findings, [@j_hukin-2017-0052_ref_017] observed a strong relationship between renal function and **VO~2~** peak in subjects with moderate chronic kidney dysfunction (r = 0.61, *p* = 0.03). According to the authors, at least moderate renal dysfunction is required before this relationship can be observed. Similarly, [@j_hukin-2017-0052_ref_006] found a correlation between a reduced GFR (\<30 mL/min) and maximal exercise capacity (**VO~2~** peak: r = 0.61, *p* = 0.03). [@j_hukin-2017-0052_ref_011] and [@j_hukin-2017-0052_ref_038] explained that the indication of cardiopulmonary alterations may be related to low cardiac output, increased redistribution of the renal blood flow (i.e., producing a low GFR), and reduction of maximum volume of systolic ejection.

What is not clear is how physical performance changes over time as renal function deteriorates. In patients with CKD, there is an independent association with exercise performance across a wide range of renal function that can be improved significantly after renal transplantation ([@j_hukin-2017-0052_ref_027]). However, despite good kidney function and exercise training programs, the level of exercise performance does not return to expected "normal" values up to 1 year after transplantation ([@j_hukin-2017-0052_ref_028]).

In the present study, these renal function acute alterations could not be explained by differences in age, body height, body mass or body mass index. However, other authors observed in longitudinal studies alterations influenced by age ([@j_hukin-2017-0052_ref_007]; [@j_hukin-2017-0052_ref_018]). Thus, the physical stress caused by training seems to be responsible for acute alterations in renal function. [@j_hukin-2017-0052_ref_034] demonstrated that, regardless of kidney disease, several physiological adjustments including training periods with high intensity and high volumes (i.e., typical case of the pre-season training period) may induce acute increases in protein excretion in urine in individuals with lower tolerance to variations of training loads. Corroborating these findings, [@j_hukin-2017-0052_ref_016] stated that athletes with lower cardiopulmonary conditioning status could tolerate less training load variation and increase the appearance of total protein in urine.

The present study also found a negative correlation between lower levels of **VO~2~** peak and high levels of urinary protein excretion (r = −0.66, **R^2^** = 0.44, *p* = 0.00) ([Figure 3](#j_hukin-2017-0052_fig_003){ref-type="fig"}). This result could be explained by an impaired endothelial function that results in lower integrity of nephrons of less physically conditioned individuals ([@j_hukin-2017-0052_ref_012]).

However, it has been postulated that athletes who obtained a reduced GFR and increased urine total protein (*p* \< 0.05) ([Table 1](#j_hukin-2017-0052_tab_001){ref-type="table"}) were those whose training load was superior to the physiological adaptation threshold. With the intention to confirm these reports, this study observed a decline in the VO~2~ curve and an increase in the HR curve at the point that corresponded to 90% of the total CPET time (*p* \< 0.05) ([Figures 2a](#j_hukin-2017-0052_fig_002){ref-type="fig"} and [2b](#j_hukin-2017-0052_fig_002){ref-type="fig"}). Regarding the curve related to relative O~2~ pulse, the decline was observed after the 70% point (*p* \< 0.05) ([Figure 2c](#j_hukin-2017-0052_fig_002){ref-type="fig"}).

The relative O~2~ pulse is the analysis of the **VO~2~** ratio with HR (VO~2~/HR) and can infer SV. As **VO~2~** is directly proportional to cardiac output multiplied by c(A-V)O~2~ ([@j_hukin-2017-0052_ref_037]), we can consider that c(A-V)O~2~ rises hyperbolically without major deviations and that **VO~2~** becomes dependent on cardiac output (**VO~2~** **= VS × HR**). Thus, it is believed that the decline in the relative O~2~ pulse curve ([Figure 2c](#j_hukin-2017-0052_fig_002){ref-type="fig"}) observed in the dGFR group may be associated with the SV reduction mechanism ([@j_hukin-2017-0052_ref_004]). This explanation was confirmed by [@j_hukin-2017-0052_ref_029], who evaluated 180 soccer players and observed that, at the point that corresponded to 40% of the total time of CPET, there was a significant reduction (*p* \< 0.05) in relative **O~2~** pulse levels in the group that showed high HR levels. These authors also reported that the highest values of the HR were directed to maintain cardiac output as a result of the reduction in SV during exercise.

It is believed that the most significant alterations found in cardiopulmonary variables evaluated in the dGFR group after the pre-season training protocol can be demonstrated by lower tolerance of these individuals to bear constant variations in loads during CPET. Thus, it is evident that monitoring of the variables of kidney function in athletes during the pre-season training period can lead to the identification of the fitness status regarding cardiopulmonary variables.

In conclusion, soccer players with reduced kidney function after the pre-season training protocol presented alterations in cardiopulmonary variables involved in performance, such as increased cardiac frequency and reduction of oxygen uptake and relative O~2~ pulse, showing lower tolerance of these individuals in supporting the final moments of the maximal exercise test. The response of renal function was different among athletes submitted to the same intensity / volume of training. The practical application of this study may suggest that the analysis of renal function during training may be a useful physiological stress marker added to routine biochemical tests.
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